Abstract Hepatitis B virus (HBV) and Hepatitis C virus (HCV) infection often lead to hepatocellular carcinoma (HCC), which is mostly detected in advanced stage. Hence, its early detection is of paramount importance using a biomarker having sensitivity and specificity both. The present study highlights differentially expressed host proteins in response to HBV/HCV infection at different stages. Comparative proteomic study was done by two-dimensional gel electrophoresis followed by mass spectrometry. Sera from each of chronically infected, liver cirrhosis and HCC in HBV or HCV infection along with controls were selected. Analysis of functional association between differentially expressed proteins with viral hepatitis was extensively carried out. Forty-three differentially expressed spots (C 1.5 fold; P \ 0.05) on two-dimensional gel electrophoresis were corresponded to 28 proteins by mass spectrometry in variable liver diseases. Haptoglobin protein levels were decreased upon disease progression to HCC due to HBV infection. The other proteins expressed differentially are ceruloplasmin, serum paraoxonase 1, retinol binding protein and leucine rich alpha 2 proteins in plasma maybe associated to HBV HCC. Whereas, upregulation of C4a/C4b showed it as a reliable marker in patients with end stage liver disease related to HCV infection. ApolipoproteinA1 levels in liver diseases in both HBV and HCV infection corresponding to healthy controls may be a common marker for early diagnosis and disease monitoring. Protein interaction studies by extensive pathway analysis using bioinformatics tools such as EnrichNet application and STRING revealed significant associations with specific infections.
Introduction
Hepatocellular carcinoma (HCC) is a primary malignant neoplasm derived from hepatocytes, accounting for about 90% of all liver cancers [11] . HCC is the sixth most common cancer worldwide, being the fifth in men and the eighth in women. It accounts for approximately 5.7% of all new cancer cases [44] . Hepatitis B Virus (HBV) and Hepatitis C Virus (HCV) infections are the major causes of acute and chronic hepatitis worldwide and, lead to liver cirrhosis and HCC [12] . In India, 40-45 million HBV carriers outweigh 10 million HCV carriers [1] . Multiple Electronic supplementary material The online version of this article (https://doi.org/10.1007/s13337-018-0484-y) contains supplementary material, which is available to authorized users.
factors such as genetic, epigenetic and proteomic changes are reported in HCC patients.
Alpha feto protein (AFP) is the established diagnostic and prognostic biomarker of HCC which is neither sensitive nor specific [10] . Many times, patients with advanced stage of liver disease at the time of diagnosis show normal level of AFP. It is difficult to detect HCC at an early stage due to inadequacy of etiology specific biomarkers [37] . Proteomic profiling approach for HCC looks promising including advanced mass spectrometry (MS) technology along with bioinformatics tools [27, 35] Two-dimensional gel electrophoresis (2DE) followed by MS has been extensively employed to unveil differentially expressed proteins at different stages of the disease. A functional proteomic approach has been used previously to study differential protein expressions, but most studies are either HBV [29, 32] or HCV [13, 31] specific and, have reported alterations in proteins at the end stage of the disease [6, 41] . Very few studies have emphasized on both etiology and liver disease stages [27, 28] . The present study is therefore designed to explore differentially expressed host proteins in response to HBV/HCV infection at different stages: Chronic hepatitis, Liver Cirrhosis and HCC in comparison to healthy controls by using two dimensional gel electrophoresis (2-DE) and mass spectrometry. The study also involves identification and extensive analysis of the host protein interaction networks.
Materials and methods

Subject/Case recruitment
This Study was approved by Institutional Ethics Committee (IEC-I), Seth GS Medical College and King Edward Memorial Hospital and, informed consent was obtained from each individual. Patients (N = 24) were recruited from outpatient department (OPD) and inpatient department (IPD) of Gastroenterology in King Edward Memorial Hospital, Mumbai during 2014-2017. Healthy controls (N = 4) aged between 18 and 65 years were included in this study with no history of HBV, HCV and HIV. Total 12 HBsAg positive and 12 Anti HCV positive patients aged between 18 and 65 years were included in the study. They were categorized into groups viz chronic hepatitis, liver cirrhosis and hepatocellular carcinoma based on guidelines of the Asian Pacific Association for the Study of the Liver. Their disease status was assessed by serological, biochemical, clinical, radiological and pathological (whenever biopsy possible) findings. Clinical and pathological reports were obtained from the medical records. Patients with history of HIV, acute liver disease, renal failure, autoimmune diseases, Wilson's disease, Cholangio carcinoma and Lamellar cell carcinoma were excluded from the study.
Sample collection 10 ml of venous blood was drawn from each participant and allowed to clot for 2 h. Blood samples were centrifuged at 3000 rpm for 15 min. Serum was separated and aliquots were stored at -80°C until analysis.
Laboratory tests
HBV, HCV, HIV serological tests-HBeAg, Anti-HBe, HBcIgG, Anti HCV, Anti-HIV ELISAs were performed according to manufacturer's instructions. Liver function tests and liver enzyme were measured on Cobas C111.
Sample lysis and processing
Serum sample was mixed with binding buffer (20 mM sodium phosphate, 0.15 M sodium chloride, pH 7.4) and subjected to sonication at an amplitude of 20% for 5 s pulse on and 30 s pulse off to allow disruption of cells and release of total proteins. High abundant proteins like albumin and immunoglobulin G (IgG) were removed from 50 ll of serum using albumin IgG depletion spintrap columns (GE Healthcare) to increase protein resolution by unmasking low molecular weight proteins. Depleted serum sample was precipitated using acetone and pellets were dissolved in 100 ll 2D lysis buffer (7 M Urea, 2 M Thiourea, 4% CHAPS, 40 mM DTT). Protein concentration of depleted sera was measured by Bradford's protein assay using bovine serum albumin as a standard.
Two-dimensional gel electrophoresis and spot analysis
200 lg of albumin IgG depleted proteins along with rehydration buffer (7 M urea, 2 M thiourea, 2% CHAPS, 0.5% IPG buffer, 1% Bromophenol Blue) were loaded onto 4-7 NL 13 cm IPG strips (GE Healthcare) for isoelectric focusing (IEF). IEF was carried out at 20°C in the Ettan TM IPGphor TM 3 unit (GE Healthcare) with current limited to 75 IA/strip achieving up to 52,000 Vh for 19:00 h. The focused strips were equilibrated and subjected to a seconddimension separation on 12.5% polyacrylamide gels. The gels were stained using a silver staining procedure compatible for mass spectrometry and scanned with the ImageScanner III scanner. The images were analysed using the high-throughput 2-DE software ImageMaster TM 2D Platinum 7.0. It calculated the spot intensity by integrating the absorbance over the spot area. Differential analysis was carried out using statistical tools of the software. Expression of proteins were considered significant if 1.5-12 fold change and analysis of variance (ANOVA) \ 0.05 were seen in case and control group.
In-gel digestion
In-gel digestion on silver stained gels was carried out using modified trypsin (Promega). Briefly, the protein spots were washed with water and de-stained with potassium ferric cyanide and sodium thiosulphate. The gel particles were then washed with 50 mM NH 4 HCO 3 /acetonitrile 1:1 (v/v). Further, reduction and alkylation of gel particles were carried out by 10 mM dithiotretiol and 55 mM iodoacetamide in 50 mM NH 4 HCO 3 . The gel particles were allowed to shrink in acetonitrile and again dried using vaccum centrifuge. Freshly prepared enzyme solution (25 mM NH 4 HCO 3 with 5 ng/lL of trypsin) was added on to gel particles and incubated at 37°C for 30 min. Gel particles were covered with 25 mM NH 4 HCO 3 and incubated overnight at 37°C. The peptides were extracted from gel pieces by adding series of solvents: 0.1% TFA in 50% ACN, 0.1% TFA in 60% ACN and 0.1% TFA in 80% ACN (100 ll each). All the three fractions were pooled and vacuum dried. The samples were stored at -20°C. Samples were reconstituted in 5-10 ll of 0.1% TFA in 50% acetonitrile before mass spectrometric analysis.
Protein identification by MALDI TOF/TOF
The mass spectrometric analysis was carried out on matrix associated laser desorption ionization-time of flight (MALDI-TOF) instrument (Bruker Daltonik GmbH) at ACTREC, Kharghar, Navi Mumbai. Briefly 2 ll of the extracted protein was mixed with 2 ll (equal volumes) of a-cyano-4 hydroxy-cinnamic acid (CHCA) matrix and, loaded on ground steel MALDI target plate and allowed to dry at room temperature. The MALDI-TOF MS target was subsequently introduced into Bruker Daltonik GmbH instrument for automated measurement. Initial manual/visual study of the mass spectra was done using Flex Analysis 2.4 software (Bruker Daltonik GmbH, Germany). For automated data analysis, raw spectra were processed using the Biotools Version 3.0 software (Bruker Daltonik GmbH, Germany). The instrument was calibrated with standard peptide mix before sample analysis with default settings. The instrument was operated in reflectron mode using Nd: YAG 335 nm laser, with a mass range of 800-4000 Da. MS peak list was subjected to MASCOT version 2.1 (http://www.martixscience.com) search engine for protein identification. The parameters used for Mascot search were as follows: trypsin digestion, single missed cleavage, oxidation of methionine and carbamidomethylation of cysteine as variable and fixed modifications respectively. Hundred ppm mass tolerance was selected for MS and Swiss-Prot database for Homosapiens taxonomy.
Association between differentially expressed proteins and their interaction pathways
Functional associations of differentially expressed proteins identified from sera of cases with different liver disease conditions were analysed with online EnrichNet application using Reactome and GO by incorporating the protein accession number. The significance of overlap between protein sets was found with one-side Fisher's exact test (q \ 0.05) and along with network similarity scores (XDscores). The threshold values were assessed by EnrichNet with a regression fit equivalent Fisher q value of 0.05 and upper boundary of 95% confidence for linear fitting. The trend of these identified pathways among development of liver diseased stages was determined by Reactome expression analysis. Host protein interaction networks for the differentially expressed proteins were analysed by STRING tool version 10.5.
Results
Subject/cases recruitment and laboratory tests
The demographic and laboratory parameters of enrolled participants are summarized in Supplementary Table 1 . The mean age was 45.85 ± 11.36 years and majority of them were between 35 and 50 years (57.1%). Most of them were males (64.3%). Liver enzymes and bilirubin levels were increased in HCC patients compared to the other groups.
Two dimensional gel electrophoresis and spot analysis
The differential protein spots identified after 2DE and MALDI-TOF analysis are shown in Fig. 1 and Supplementary Table 2 along with their molecular weights, accession number, fold change, location on the 2DE gel and their biological roles. They were classified into 12 broad categories depending upon their multiple functions, namely; protein binding, lipid binding, transporter, enzyme binding, enzyme inhibition, acute phase proteins, complement activation and, pathways: retinol metabolism, metal binding proteins, antigen binding proteins, lipid metabolism and immune responses. Percentage distribution of these proteins in different categories is depicted in Fig. 2 . HCV positive HCC patients showed upregulation of Ig J chain, apolipoprotein A1, alpha-2-HS-glycoprotein and complement C4A/C4B but, downregulation of transthyretin against normal. Serum amyloid P was increased by threefold (P = 0.012) in chronic hepatitis C and alpha1 antitrypsin was increased by 7.37 fold (p = 0.026) in cirrhotic patients when compared with HCV HCC.
Differentially expressed proteins between HBV and HCV related liver diseases
Alpha-2-HS-glycoprotein was significantly increased in chronic hepatitis B (fold 3.97, P = 0.04) when compared with chronic hepatitis C infection. We observed significant increase in haemopexin precursor (fold 3.11, P = 0.006), apolipoprotein A4 (fold 4.72, p = 0.005) but decrease in antichymotrypsin (fold 2.09, p = 0.04) in cirrhotic HBV when matched with cirrhotic HCV. Alpha 1 antitrypsin (fold 3.17, p = 0.04) and antichymotrypsin (fold 3.82, p = 0.006) were increased in HBV related HCC than that with HCV. Tables 5 and 6 based on the protein-protein interaction for P \ 0.05, minimum required interaction score [ highest confidence (0.900).
Discussion
Viral hepatitis due to HBV or HCV has variable clinical presentations: acute, chronic, fulminant flare, fibrosis, cirrhosis and HCC. Our present study was designed to examine the alterations in serum protein levels of HBV or HCV infected patients with various liver complications by proteomics. By combining isoelectric focusing with SDS PAGE (two dimensional gel electrophoresis), the sera proteins were separated to an extent which allowed us to discern subtle differences.
On resolving the proteins by 2-DE, 43 differentially expressed spots were corresponded to 28 identified proteins as given in Supplementary Table 2. Figure 3 illustrates number of differentially expressed upregulated and downregulated proteins. They are classified into 12 broad categories based on their function as given in Fig. 2 . Major alterations were observed in protein binding (16%), transporter (10%) and enzyme binding (7%) proteins. As viruses are known to manipulate metabolic processes of the host for viral genome replication, number of host metabolic proteins are expected to be altered.
As given in Fig. 1 , we found Alpha-2-HS-glycoprotein (AHSG) the most upregulated protein in all the liver diseased conditions due to HBV and HCV. Alpha-2-HS-glycoprotein is produced predominantly by the liver. AHSG is a transforming growth factor-b (TGF-b) type II receptor mimic and cytokine antagonist [21] . Increased Alpha-2-HS-glycoprotein is not showing any trend with HBV or HCV chronicity which is in accordance with previous reports [19, 36] .
Apolipoprotein A1 (ApoA1), mainly secreted by hepatocytes, represents the major protein component of highdensity lipoprotein. ApoA1 secretion may be disrupted by HBV infection. Wang et al. [40] suggested that HBV can inhibit apoA1 mRNA and decreased protein levels in hepatoma cells. Our experiments have shown that the level of apoA1 was downregulated more than two folds in HBV related liver diseases when compared to healthy individuals as reported earlier [18] . Ma et al. suggested that ApoA-1 can inhibit tumor cell proliferation through cell cycle arrest and promote apoptosis by inhibiting mitogen-activated protein kinase (MAPK) pathway. ApoA-1 might decrease angiogenesis by impairing with extracellular matrix degradation properties of tumor cells. But, the level of apoA1 was increased in HCV related HCC which is in concordance with findings from previous studies [7, 9] . Taken together, our findings indicate that decreased serum ApoA-1 can be useful for HBV HCC detection [22] .
Transthyretin (also called as prealbumin), a protein with short half-life, is synthesized and secreted by liver cells and choroid plexus of the brain. Transportation of thyroxine (T4) and retinol (vitamin A) are the two significant physiological functions of TTR. Considering the fact that the liver is a source of transthyretin, its synthesis varies in liver diseases such as hepatitis and cancer [28] . Transthyretin has been found to be at significantly reduced levels in various liver diseases. In our study, a more acidic variant of the two transthyretin isoforms was decreased in chronic hepatitis, liver cirrhosis and HCC due to HBV as reported previously [31] .
Leucin rich alpha 2 glycoprotein is an acute-phase protein and oncogene associated protein. It is capable of accelerating angiogenesis by activating Smad1/5/8 signalling pathway through binding to the TGF-b accessory receptor endoglin [38] . Wang et al. [39] revealed its upregulation and increased mobility of HCC cells, suggesting its potential role in the progression. In our study it is 4.4 fold expressed in patients with HBV HCC which is in accordance with earlier findings and may be used as candidate marker for HCC diagnosis [5] .
We observed 5.0 and 5.4 fold increase in levels of serum paraoxonase (arylesterase) 1 in chronic hepatitis and HCC due to HBV, respectively. PON1 is a calcium-dependent hydrolase protein synthesized mainly in the liver and secreted into the circulatory system [26] . Huang et al. [17] and Zhang et al. [42] have reported its active role in the regulation of oxidative stress, fibrosis and hepatic cell apoptosis in chronic liver diseases and, can be used as diagnostic biomarker for distinguishing early HCC from LC patients.
Ceruloplasmin (Cp) is a glycoprotein and metal (copper) binding circulating protein which exhibits oxidase activity and oxidizes Fe ?2 to Fe ?3 that can then be stored as ferritin when transported into cells by transferrin. Through this ferroxidase activity, ceruloplasmin plays an important role in iron metabolism. Changes in Cp leads to iron accumulation in the liver and finally to liver damage. Pousset et al. [25] have shown prolonged presence of Cp is due to higher amount N-glycan sialylation in murine model and thus increase in its concentration. Moderately increased levels of Cp have been reported to occur in human HCC and to be of prognostic value with elevated plasma Cp concentrations corresponding to more rapidly progressing tumours. Our findings in HBV-HCC cases, levels are increased sevenfold (Supplementary Table 2 ) when compared to controls as in concordance with these findings which can be exclusively used for HBV HCC diagnosis [15] .
Alpha 1 Antitrypsin and alpha-1-antichymotrypsin, acute-phase proteins, acting as protease inhibitors protecting tissues from the enzymatic action of inflammatory cells. Mondal et al. [23] have reported significantly high AAT levels was in HCV LC and HCV HCC than control but less in HCV Chronic. Also, as reported by Kimhofer et al. [20] , we have found increased levels of Alpha 1 Antitrypsin and alpha-1-antichymotrypsin in liver cirrhosis and HCC patients in comparison with chronic infection. Also, these proteins were differentially expressed in HBV HCC and HCV HCC. In similar study by Sarvari et al. has shown 42 differentially expressed spots which corresponded to 16 proteins in variable liver diseased conditions in HBV and HCV infection in Iranian population. In discordance to their study, we have found Alpha-2-HSglycoprotein differentially expressed in chronic hepatitis B and C infection. In addition, several differentially expressed proteins are identified in each group in present study which may reflect on ethnicity of the heterogeneous population and also different strains of circulating viruses. They have concluded that upregulation of leucine rich alpha 2 in HBV HCC compared with HCV HCC may have potential to distinguish viral HCC which is in accordance with our findings [27] .
Enrichment analysis using Reactome and Biological process (GO) databases highlighted significance of the identified proteins in several cellular pathways as summarized in Supplementary Tables 3 and 4 which were mainly associated with lipid metabolism. The prediction of possible involvement of identified proteins in pathways associated with HCC development influenced by HBV or HCV constituted 20% of the altered proteins in this study. The liver is highly metabolically active organ and, one of its key functions is to control the balance of lipid throughout the body. The present study confirms functional association of APOA1, APOA4, APOE, PON1, A2M and ALB with lipid transport, lipid metabolism, regulation and lipid homeostasis. Apart from lipid transport apolipoproteins play a wider role in cancers and are known to interact with diverse receptors to elicit cellular events as demonstrated for APOE to cause sustained proliferation of cells with progressive pathogenesis of HBV-related liver disease [4, 30] . Similarly, several studies have shown that lipid metabolic events play a key role in HCV life cycle in promoting liver disease pathogenesis [33, 34] .
In addition to pathway analysis using EnrichNet, we further studied various protein-protein interactions using STRING version 10.5 based on evidence and molecular action at medium confidence level and, confidence network Fig. 3 Number of differentially expressed proteins along with their up/down regulation in HBV or HCV related liver diseases edges for strength of data support at highest confidence level as shown in Supplementary Fig. 1 .
Vitamin absorption and digestion pathways were found to be significant by EnrichNet analysis using KEGG. We also found complement and coagulation cascades as the most significantly enriched signalling pathways. This pathway involves 3 proteins (A2M, CFB, SERPINA1) which were up-regulated in the present study in HBV liver cirrhosis and HBV HCC when compared with controls. This cascade involving 3 proteins (C4B, CFB, SERPINA1) was also increased in HCV related chronic hepatitis, LC and HCC patients along with disease progression. It has been reported that complement and coagulation pathways are the most perturbed pathways in various cancers [3] .
As a part of innate immunity, complement system plays a central role in clearance of immune complexes and apoptotic cells, anticancer defense and, the pathogenesis of variety of liver disorders including viral hepatitis, liver injury and repair. Zhang et al. demonstrated increasing evidence of complement component and complement activated product to promote tumour cell growth, tumour angiogenesis, and immunosuppression in HCC using bioinformatics analysis. The up-regulation of proteins in complement cascade in our study also supported the latest reports [14, 43] .
Highest confident string analysis (confidence score [ 0.90) showed a functional link between SERPINA1 and AHSG (combined confidence score = 0.952) with their increased levels in HBV/HCV related HCC as given in Supplementary Table 2 . Another interesting functional link was observed between APOA1 and SAA1 (combined confidence score = 0.938). APOA1 aids HDL to exert anticancer effects by mediating cellular cholesterol and phospholipid efflux by limiting the availability of essential lipids for rapidly proliferating cells [2] . SAA1, acute-phase apolipoprotein and minor constituent of HDL is elevated dramatically in acute inflammatory viral infection, which causes major change in apolipoprotein composition of HDL [24] . APOA1 is substantially reduced and replaced by SAA1, thus altering the role of HDL helping cancer cell proliferation as depicted in supplementary Fig. 2 [8, 24] . Another link was between APOA1 and APCS (combined confidence score = 0.945) in HCV related liver diseases. APCS may participate in promoting cholesterol efflux and lipid metabolism [16] . We have found highest functional link between complement components in HCV liver diseases. Increased levels of C4A/B and CFB in liver cirrhosis and HCC due to HCV suggest immune activation due to HCV infection, and/or tumor antigens [3] .
In conclusion, our study made an attempt to identify differentially expressed serum proteins in HBV and HCV related diseases using proteomic approach. Haptoglobin protein levels were decreased upon disease progression to HCC in HBV infection in correspondence with controls. The other proteins expressed differentially are ceruloplasmin, serum paraoxonase 1, retinol binding protein and leucine rich alpha 2 proteins in plasma maybe associated to HBV HCC. Whereas, upregulation of C4a/C4b showed it as a reliable marker in patients with end stage liver disease related to HCV infection. Transthyretin level was decreased among HCC than cirrhotic in HBV. Exclusively in HCV LC, increase in Vitamin D binding protein and complement C3/C5 may be used for early diagnosis of HCV HCC. ApolipoproteinA1 levels in liver diseases in both HBV and HCV infection corresponding healthy controls may be candidate marker for early diagnosis and disease monitoring. Pathway analysis, protein-protein interactions and functional link between 28 differentially expressed proteins look promising to understand changes occurring due to viral hepatitis and to develop diagnostic assay. However, further study on larger basis may be undertaken to validate our findings.
